Title of the Invention 

Method of Smelting Copper Sulfide Concentrate 



Background of the Invention 
Field of the Invention 

The present invention relates to a pyrometallurgical process for copper 
smelting, and more particularly relates to a process for obtaining blister copper 
or white metal (Cu 2 S), wherein the term "white metal" is meant to cover a matte 
near the white metal (with very little FeS) in addition to Cu 2 S, by oxygen- 
smelting copper sulfide concentrate, or matte obtained from copper sulfide 
concentrate. 

Description of the Rclated.Art 

Heretofore, copper smelting has comprised: a matte smelting process in 

which copper sulfide concentrate is oxygen smelted, part of the Fe in the ore is 

oxidized to be removed as slag, and part of the S becomes S0 2) so that Cu is 

concentrated into matte, being a mixture of FeS and Cu 2 S; a subsequent white 

metal production process which obtains white metal (Cu 2 S) containing a almost 

no Fe, after removing Fe as slag with further oxidation of the obtained matte; 
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and a copper production process which obtains blister copper by further 
oxidation of this white metal. An autogenous smelting furnace is generally used 
as the matte smelting furnace, while the white metal production process and the 
copper production process are usually carried out in a converter. The 
converting furnace is a batch type. 

Since copper sulfide concentrate normally contains Si0 2 as gangue, the 
matte smelting process uses iron silicate slag. The converter also normally 
forms iron silicate slag by the addition of silica minerals as flux. 

A matte smelting furnace produces matte, in which the copper content of 
the matte (matte grade; MG) is normally 70% or less by weight, and charges 
this into the converter. A converter, being a batch type, converts the matte into 
white metal, and subsequently into blister copper as describes above. To 
increase the productivity of the whole plant, it is desired to increase the MG in a 
malte smelting furnace and reduce the load in a batch type converter. If the 
matte smelting furnace can continue oxidization until white metal is produced, 
the white metal production process in the converter becomes necessary. 
Furthermore, if it can oxidize to blister copper, the converter process itself 
becomes unnecessary. However, if an attempt is made to increase the oxidation 
degree in the matte smelting furnace, the following problems caused by iron 



silicate slag occur. 

(1) Magnetite complications: 

In iron silicate slag, the solubility of trivalent Fe is low. This causes so- 
called magnetite complications wherein solid magnetite is precipitated and 
deposited on the bottom of the furnace, and the like. To avoid this problem, in 
the case when MG is increased, the smelting temperature must be raised up to 
1300r or more. However, this accelerates damage to the furnace body. 
Furthermore, when the copper content of the slag is increased by oxidizing part 
| of the copper, even though iron silicate slag can produce blister copper without 

| magnetite complications, the copper content of the slag in this case needs to be 

S 

JU 25% or more and the yield of blister copper is considerably lowered. 
O ( 2 ) 0xida ti°n and dissolution of copper: 

As MG increases, the solubility of copper, as oxide, in iron silicate slag 
increases considerably. 

(3) Concentration of impurities: 

In the presence of iron silicate slag and matte or blister copper, since the 
solubility of oxides of As, Sb and the like into iron silicate slag is low, these 
impurities concentrate into the matte or the blister copper. The effect is 



ru 

C3 



3 



particularly high when iron silicate slag and blister copper coexist, and this is 
regarded to be one of the reasons why blister copper cannot be obtained directly 
from copper sulfide concentrate with high impurities in the presence of iron 
silicate slag. 

From these points, a matte smelting furnace is normally operated with 
approximately 65 to 70% MG as the upper limit. 

Furthermore, because of similar problems, in a process of oxidizing matte 
into low S content of blister copper, continuous processing is regarded to be 
impossible in the presence of iron silicate slag, and usually a batch process 
using a converter is carried out. There is a report (Japanese Unexamined Patent 
Publication No. Sho 58-224128) describing blister copper continuously 
obtained from matte in the presence of iron silicate slag. In this case, however, 
blister copper was obtained in the presence of three phases of slag, white metal 
and blister copper, and it was unavoidable for the S content of the blister copper 
thereof to be as high as 1 .5%, increasing the load of the operation in the 
following processes, a refining furnace, considerably. 

Avoiding these problems, one of the inventors of the present invention has 
proposed a method to produce white metal in a matte smelting furnace in 
Japanese Examined Patent Publication No. Hei 5-15769. This is to remove iron 



in copper sulfide concentrate as calcium ferrite slag by adding lime as flux. 
There is an advantage in the use of calcium ferrite slag in that precipitation of 
magnetite is avoided and the elimination of impurities such as As, Sb or the like 
in the slag is higher than iron silicate slag. However, there are problems as 
described below. 

(1) Copper sulfide concentrate normally contains some Si0 2 . Therefore 
to produce as pure a calcium ferrite slag as possible, the copper sulfide 
concentrate to be processed is restricted to that with a low content of Si0 2 (3% 
or less). 

(2) Even with copper sulfide concentrate with a low content of Si0 2 as 
mentioned above, if there is a little Si0 2 in the calcium ferrite slag, it worsens 
the viscosity and causes foaming, which renders it difficult to have a stable 
furnace operation. Therefore, when calcium ferrite slag is used, the content of 
Si0 2 in the slag should be regulated to be 1% or less (about 1.7 % or less by 
weight with respect to Fe in the slag). Jn the case of obtaining white metal from 
standard copper sulfide concentrate mainly composed of chalcopyrite with this 
method, the Si0 2 content of the copper sulfide concentrate is restricted to 0.4% 
or less for practical purposes. 

(3) Since the solubility of Pb into calcium ferrite slag is low, Pb is difficult 



to distribute into the slag, and becomes concentrated in the white metal. 

(4) The amount of copper dissolving into the calcium ferrite slag as oxide 
is large, and the recovery percentage by concentration is low. 

On the other hand, in a converter process, when matte is converted into 
white metal or blister copper by further oxidation, to avoid the problems caused 
by iron silicate slag, the process being in batches, the furnace temporarily stops 
blowing in the presence of white metal and slag and tilts to remove the slag, 
leaving only the white metal in the converter to oxidize into blister copper. 
This method, which has various drawbacks caused by the batch type process, 
makes the converter operation cumbersome. 

The Mitsubishi continuous copper smelting process avoids magnetite 
precipitation by using calcium ferrite slag in the process of a converter (C 
furnace) and produces blister copper continuously from matte of approximately 
65% MG. However, there are the following problems caused by calcium ferrite 
slag, 

(1) The copper content of the slag changes continuously with respect to 
oxygen partial pressure, and as the S content of the blister copper is lowered, 
the copper content of the slag becomes higher. In practice, when the S content 
of the blister copper is approximately 0.5 to 1%, the Cu content of the slag is 13 



to 15%, and it is not effective in terms of copper yield for the S content to be 
less than or equal to this. 

(2) The copper content in calcium ferrite slag is mainly oxide which is 
chemically dissolved, and even with slow cooling, the copper recovery rate by 
concentration is low. 

(3) As aforementioned, when the Si0 2 of calcium ferrite slag reaches 
approximately 1 to 3%, the viscosity increases considerably and foaming 

C3 occurs. Therefore, it is difficult to use matte containing iron silicate slag as 
*fj raw material. When the Fe content of matte is 10%, the Si0 2 allowed to mix 

& 

sj into the matte is 0.2% or less with respect to the matte, and it is necessary to pay 

ru 

^ special attention to avoid the slag mixing into the matte produced in the matte 

Q 

it smelting process. 

ru 

1^ (4) Since Pb solubility is low, Pb is difficult to distribute into the slag, so 

that it becomes concentrated in the blister copper. It is therefore difficult to 
produce an anode capable of electrolysis from high Pb content raw material 
with a conventional process. 

(5) When compared at the same temperature, because its permeability in 
refractories is high, it cause greater erosion of refractories in the converter than 
silicate slag. 



In regards to iron calcium silicate slag, Japanese Patent Unexamined 
Publication No* 2000-63963 proposes an area in which a weight ratio of 
CaO/(Si0 2 + CaO) is 0.3 to 0.6, and a weight ratio of Fe/(FeO x + Si0 2 + CaO) is 
0.2 to 0.5. This area is determined because the slag that is separated from the 
area is not completely molten and compounds with a high melting point are 
precipitated out at normal smelting temperature up to 1350^ in the production 
conditions foT the white metal, the matte close to white metal ot the blister 
copper. 

Summary of the Invention 

It is therefore an object of the present invention to provide a copper sulfide 
concentrate smelting process for producing white metal or blister copper with 
continuous oxidation of copper sulfide concentrate or matte at 1280 C C or less 
which is the temperature for copper smelting without magnetite complications. 

Another object of the present invention is to provide a smelting method for 
copper sulfide concentrate which is applicable for the treatment of copper 
sulfide concentrate or matte containing Si0 2 with less loss of copper to slag. 

A further object of the invention is to provide a smelting method for 

copper sulfide concentrate in which high removability of As, Sb and Pb 
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into slag is achieved. 

Yet another object of the invention is to provide a smelting method for 
copper sulfide concentrate with less erosion of refractories. 

Description of the Preferred Embodiments 

According to one feature of the present invention, the method of smelting 
copper sulfide concentrate comprises a smelting process consisting of the steps 
of adding Si0 2 source material and CaO source material for flux to the copper 
sulfide concentrate, and subjecting the copper sulfide concentrate to oxidation 
melting to produce slag and at least one selected from the group of white metal 
and blister copper, so that at least part of Fe in the copper sulfide concentrate is 
removed to the slag while at least part of S is removed in the form of S0 2 , and 
that copper is concentrated in the form of at least one selected from the group of 
white metal and blister copper, and wherein the composition of the slag is 
controlled such that the weight ratio CaO/(Si0 2 + CaO) is in the range of 
0.6 to 0.85, while the weight ratio Fe/(FeO x + Si0 2 + CaO) is in the range of 0.5 
to 0.6. 

In this feature, the slag produced is slowly cooled for solidification, 
crushed and subjected to flotation for copper recovery, and the copper obtained 
is returned to the smelting process. 



It is desirable that the content of Si0 2 in the copper sulfide concentrate is 
at least 1.7 % by weight with reference to the Fe to be removed into the slag, 
and that the temperature of the produced slag is controlled up to 1280 °C. 

In another feature of the present invention, the smelting method for copper 
sulfide concentrate comprises a matte smelting process for subjecting the 
copper sulfide concentrate to oxidation melting, wherein at least part of Fe in 
the copper sulfide concentrate is removed to the slag while at least part of S is 
removed in the form of S0 2 , whereby matte consisting of a mixture of FeS and 
Cu 2 S is produced, and a smelting process consisting of the steps of adding Si0 2 
source material and CaO source material for flux to the matte, and subjecting 
the matte to oxidation melting to produce second slag and blister copper, so that 
at least part of Fe in the copper sulfide concentrate is removed to the second 
slag while at least part of S is removed in the form of S0 2 , whereby blister 
copper is obtained, and wherein the composition of the second slag is controlled 
such that the weight ratio CaO/(Si0 2 + CaO) is in the range of 0,6 to 0.85, while 
the weight ratio Fe/(FeO x + Si0 2 + CaO) is in the range of 0.5 to 0,6. 

In this feature of the invention, at least one of the first and second slags is 
slowly cooled for solidification, and returned to the matte smelting process. 
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It is desirable that at least one of the first and second slags is slowly 
cooled for solidification, crushed and subjected to flotation for copper recovery, 
and the copper obtained is returned to the matte smelting process, and that at 
least one of the first and second slags in molten state is returned to the matte 
smelting process. 

It is also desirable that the content of Si0 2 in the copper sulfide 
concentrate is at least 1.7 % by weight with reference to the Fe to be removed 
into the second slag, and that the temperature of the second slag is controlled up 
to 1280°C. 

The characteristics of slag that occur in conditions of high partial pressure 
of oxygen when producing white metal or blister copper are compared and 
shown in Table 1. 

a: Iron silicate slag that is used in conventional copper smelting. 

b: Calcium ferrite slag that is used in the Mitsubishi method, 
c: lion calcium silicate slag that is used in this invention. 
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[Table 1] 

Slag Characteristics 

Iron silicate slag Calcium ferrite Iron calcium 

slag silicate slag 



Law Viscosity 


XHigh 


OLow 


OLow 


Low suspension of 
matte and blister copper 


XMuch 


OLittle 


OLittle 


Low oxidation and 
dissolution of copper 


XMuch 


XMuch 


OLittle 


Low sulfurization and 

rli^nliitinn of oC^DDCf 


OLittle 


XMuch 


XMuch 


High Pb solubility 


OHigh 


XLow 


OHigh 


Solubility of As and Sb 


XLow 


OHigh 


OHigh 


Magnetite solubility 


XLow 


OHigh 


OHigh 


Less erosion of 
refractories 


OLittle 


XMuch 


OLittle 



Iron calcium silicate slag has various advantages, however, in the actual 
investigation performed by the inventors, it was found that on the low SiO z side 
where the weight Tatio CaO/(Si0 2 + CaO) is greater than 0.85, the viscosity of 
slag becomes poot and operation becomes difficult, and when the weight ratio 
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CaO/(Si0 2 + CaO) is less than 0.85, then slag melts at a temperature of 1280*0 
or less with no problem and melting of copper oxide into the slag 
becomes low. As a result, the amount of slag decreases, and when the lost 
copper is evaluated as, Slag amount x Copper grade = Copper loss, it was found 
that with the conventional method (the amount of lost copper with the present 
invention becomes is less than with high MG matte smelting method, 
white metal smelting method or direct copper refining method using iron 
silicate slag or calcium ferrite slag) and even less than with the method 
disclosed in Japanese Patent Unexamined Publication No. 2000-63963. 

The area of this invention where the weight ratio CaO/(Si0 2 + CaO) is 0.6 
to 0.85, and the weight ratio Fe/(FeO x + Si0 2 + CaO) is 0.5 to 0.65, is separated 
from the melting area at 1280*0 for the conventionally known ternary 
compounds FeO - Si0 2 - CaO, FeO * Fe 2 0 3 - Si0 2 - CaO and FejO., - Si0 2 - 
CaO shown in the ternary phase diagram. In other words, a melt area such as at 
12800 appears only in areas where the amount of FeO or Fe 2 0 3 is large. 

However, in actual production conditions of the matte near the white metal 
or the blister copper, it is thought that the size of the melt area at a temperature 
such as 1280*0 increases depending on the copper oxide that is molten into the 
slag. In order to clarify this point, it is necessary to establish a quaternary phase 
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diagram for the quaternary compound Fe 2 0 3 (FcO) - CuO - Si0 2 - CaO* 
Example 1 

The composition of copper sulfide concentrate, silica powder, and lime 
powder (each is ground to a size of 200 H m or less) was prepared to the 
specified ratios shown in Table 2 and dried to obtain dry ore. In a small flash 
smelting furnace having a reactor with an internal diameter of 1,5 m and height 
3.5 m, and settler with internal diameter of 1.5 m and length 5.2 m, the 
aforementioned dry ore was blown into the reactor together with 50% oxygen 
enriched air from a concentrate burner located at the top of the reactor, to obtain 
matte and slag. There is a heavy-oil burner in the concentrate burner, and the 
amount of heavy oil was regulated such that a heat balance inside the reactor 
was maintained. Operation was carried out for three days. The obtained results 
are shown in Table 2. From Table 2 it can be seen that, high-grade (75% MG) 
matte that was near the white metal was stably obtained. The smelt conditions 
were: 454 Nm 3 /h blast air in the concentrate burner, oxygen-enriched air of 
50% oxygen, 43 1/h heavy oil flow, 1250*0 average temperature of produced 
slag, and 1153*C average temperature of produced matte. 
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[Table 2] 

(Weight %) 







Amount 


LAI 


.re 


c 


SiO- 


CaO 






of material 
















(kg/h) 












Proce- 


Copper sulfide 


1031 


32.8 


25.0 


30.3 


5.8 




ssing 


concentrate 
















Silica 


10 




1.4 




94.4 






Lime 


202 










54.4 


Prod- 


Molten matte 


494 


75.8 


1.1 


20.1 






uction 


Molten slag 


630 


1.5 


43.2 




10.1 


16.6 



Example 2 

The composition of copper sulfide concentrate, silica powder, and lime 
powder (each was ground to a size of 200 fi m or less) was prepared to the 
specified ratios shown in Table 3 and dried to obtain dry ore. In a small flash 
smelting furnace having a reactor with an internal diameter of 1.5 m and height 
3,5 m, and settler with internal diameter of 1.5 m and length 5.2 m } the 
aforementioned dry ore was blown into the reactor together with 50% oxygen 
enriched air from a concentrate burner located at the top of the reactor, to obtain 
blister copper and slag. There is a heavy-oil burner in the concentrate burner, 
and the amount of heavy oil was regulated such that a heat balance inside the 
reactor was maintained. Operation was carried out for three days. The obtained 

15 



# * 

results are shown in Table 3. From Table 3 it can be seen that blister copper 
with a S grade of 0.98% was stably obtained. The smelt conditions were: 833 
Nm 3 /h blast air in the concentrate burner, oxygen-enriched air of 50% oxygen, 
25 1/h heavy oil flow, 1270^ average temperature of produced slag and 1252*C 
average temperature of produced blister copper. 



[Table 3] 

(Weight %) 







Amount 


Cu 


Fe 


S 


Si0 2 


CaO 




of material 












Proce- 


Copper sulfide 


(kg/h) 
1053 


32.1 


25.1 


30.4 


5.8 




ssing 


concentrate 
Silica 


1.5 




1.4 




94.4 






Lime 


206 










54.4 


Prod- 


Molten blister 


310 


98.2 




0.98 






uction 


Copper 
Molten slag 


611 


3.9 


42.0 




9.9 


16.2 



Q 

Example 3 

A small flash smelting furnace having a reactor with an internal diameter 
of 1.5 m and height 3.5 m, and settler with internal diameter of 1.5 m and length 
5.2 m was used, and the composition of matte, silica powder, and lime powder 
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(each was ground to a size of 200 H ra or less) was prepared to the specified 
ratios shown in Table 4 and dried to obtain dry ore. The aforementioned dry 
ore was blown into the reactor together with 50% oxygen enriched air from a 
concentrate burner located at the top of the reactor, to obtain blister copper and 
slag* There is a heavy-oil burner in the concentrate burner, and the amount of 
heavy oil was regulated such that a heat balance inside the reactor was 
maintained. Operation was carried out for three days. The obtained results are 
shown in Table 4, From Table 4 it can be seen that blister copper with a S 
grade of 0.05% was stably obtained. The smelt conditions were: 375 NmVh 
blast air in the concentrate burner, oxygen-enriched air of 50% oxygen, 50 1/h 
heavy oil flow, 1257*0 average temperature of slag produced and 1240 Q C 
average temperature of produced blister copper* 



[Table 4] 

(Weight %) 







Amount 


Cu 


Fe 


S 


Si0 2 


CaO 






of material 
















(kg/h) 












Proce- 


Matte 


1034 


63.7 


12.3 


21.2 


0.5 




ssing 


Silica 


17 




1.4 




94.4 






lime 


78 










54.4 


Prod- 


Molten blister 


608 


98.0 




0.05 








copper 














uction 


Molten slag 


311 


14.1 


41.9 




6.0 


14.0 
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Comparative Exa 




In a magnesia crucible maintained at 1300*0 , 30g molten matte and 40g 
molten slag of the compositions shown in Table 5 were prepared, and copper 
sulfide concentrate of the composition similarly shown in Table 5 and Si0 2 
(97% or more pure Si0 2 content) were blown into the molten bath through a 
lance pipe along with 95% 0 2 - 5% N 2 (volume%) without dipping the lance 
pipe in. 



[Table 5] 

(Weight %) 

Cu Fe S Si0 2 CaO 

Molten matte 76.3 2.8 20.8 

Molten slag 5.0 42.0 - 30.0 

Copper sulfide concentrare 30.3 29.1 33.5 1.8 
concentrate 



The lance pipe used for blowing was an alumina, through which 37.5 
g/min of copper sulfide concentrate, 7.6 g/min of Si0 2 were blown along with 
9.2 liter/min of 95% 0 2 - 5% N 2 (volume%) gas. 
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Five minutes after the test started, owing to the formation of a high 
melting point substance, being a mixture of matte and produced magnetite, it 
was impossible to blow the raw materials to be supplied into the melt, and 
furthermore, these substances blocked the lance pipe, and the test could not be 
continued. 

Comparative Example 2 

In a magnesia crucible maintained at 1300°C, 60g molten blister copper 
and 40g molten slag of the compositions shown in Table 6 were prepared, and 
matte of the composition similarly shown in Table 6 and CaO (98% or more 
pure CaO content) were blown into the molten bath through a lance pipe along 
with 95% 02 - 5% N2(volume%) together without dipping the lance pipe in. 

[Table 6] 

(Weight %) 

Cu Fe S Si0 2 CaO 

Molten blister copper 97.5 - 1.2 
Molten slag 16.4 47.6 - - 17.6 

Matte 65.0 9.5 21.2 0.5 

The lance pipe used for blowing was made of alumina, through which 20 
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g/min of matte and 0.73 g/min of CaO were blown along with 0.20 liter/min of 
95% 0 2 - 5 % N 2 (volume%) gas. 

Thirty minutes after the test started, a boiling phenomenon of the slag 
occurred, so that most of the melt in the crucible blew out of the crucible and 
the test could not be continued. 

Comparative Example 3 

In a magnesia crucible maintained at 1300^, 60g molten blister copper 
and 40g molten slag of the compositions shown in Table 7 were prepared, and 
matte of the composition similarly shown in Table 7 and CaO (98% or pure 
CaO content) were blown into the molten bath through a lance pipe along 
with 95% 0 2 - 5% N 2 (volume%) without dipping the lance pipe in. 



[Table 7] 

Cu 

Molten blister copper 97.5 
Molten slag 16.4 
Matte 65.3 



(Weight %) 
Fe S Si0 2 CaO 

1.2 

47.6 - - 15.7 

9.7 21.4 
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The lance pipe used for blowing was made of alumina, through which 20 
g/min of matte and 0.7 g/min of CaO were blown along with 4.2 liter/min of 
95% 0 2 - 5% N 2 (volume%) gas. 

With the above described condition, the blowing was continuously carried 
out for 50 minutes,, and after being discontinued for 10 minutes, cooling and 
solidification followed, and the weights and compositions of the blister copper 
and the slag were measured. Then by substracting the amount for each 
compsition from the amounts and compositions of the blister copper and the 
slag originally charged, the amounts and compositions of blister coppeT and 
slag produced by the reaction were calculated. The results are shown in Table 
8. 

While 0.06% S content of the blister copper was obtained, the copper 
content of the slag was high and the blister copper yield was about 80%. 

[Table 8] 



Produced 



Cu 



Fe 



S 



(Weight %) 
SiQ 2 CaO 



weight(g) 
Produced blister copper 534 
Produced slag 290 



98.3 
32.7 



32.0 



0.06 



11.2 
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Industrial Applicability 

The method of the piesent invention, when copper sulfide concentrate or 
matte is oxidized continuously to produce white metal or blister copper, enables 
the smelting of copper sulfide concentrate which, without magnetite 
complications, is applicable for the treatment of copper sulfide concentrate or 
matte containing Si0 2 , has less copper loss to slag, can recoveT copper from the 
slag by floatation, has high removability of As, Sb and Pb into slag, and has 
less damage to refractories. 
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